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▼The nuclear runon (or runoff) transcription assay is the
classical method to determine levels of ongoing transcrip-
tion for a given set of genes, In contrast to alternativemRNA
detection methods (northern blotting, S1 mapping, reverse
transcription−PCR) which reflect the steady-state concen-
tration of mRNA, yielding data that are a composite of both
transcriptional rate and mRNA stability, nuclear runons
monitor the number of actively transcribing polymerases.
The assay can therefore be used to address changes in the
rate of initiation (Ref. 1, 2, 3) or transcriptional pausing
(Ref. 4, 5, 6, 7). However, nuclear runon assays are not as
widely used as other mRNA detection techniques, at least
in part because of the time-consumng protocols used.
We were able to adapt a procedure for mRNA isolation
(Ref. 5) to the recovery of pre-initiated transcripts which
have been labelled by nuclear runon in the presence of ra-
dioactive nucleoside triphosphates. This protocol circum-
vents the lengthy manipulation steps normally used for
isolating the radioactive RNA probe (see, for example, Ref.
6). By minimizing the steps for labelling and hybridization,
the preparation time, exposure to 32P, amount of radioac-
tive waste and input of cells are all reduced significantly.
The protocol described below makes nuclear runon assays
an attractive andmore informative alternative for the quan-
tification of transcriptional processes.
Protocol
Isolation of nuclei
NIH3T3 cells (4 × 106, corresponding to a confluentmono-
layer from a 5.5 cm2 plate) were collected (by trypsina-
tion) and centrifuged (200 × g, 5 min) at room tempera-
ture (RT), washed with phosphate-buffered saline (PBS) and
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then treated under conditions which both stop the pro-
gression of RNA polymerases and prevent re-initiation (Ref.
3): cells were transferred to 10 ml vials and collected by
centrifugation at 200 × g (5 min, 40◦C); the pellets were
treated with 5 ml of lysis buffer (10 mM Tris−HCI, pH 7.4,
10 mM NaCl, 3 mM MgCl2, 0.5% NP40) and incubated for
3 min on ice. Similar conditions were used for four wash-
ing steps but with centrifugation at 500 × g. The final nu-
clear pellet was suspended in 100 µl nuclear freezing buffer
(50 mM Tris−HCI, pH 8.3, 40% glycerol, 5 mM MgCl2,
0.1 mM EDTA) and either used directly or frozen in liquid
nitrogen and stored at −70◦C.
Run-on reaction
If frozen, 100 µl nuclei were thawed on ice and then mixed
with 30 µl of 5× runon buffer [25 mM Tris−HCI, pH 8,
12.5 mM MgCl2, 750 mM KCI, 1.25 mM each of ATP
(Boehringer Mannheim), GTP (Boehringer Mannheim) and
CTP (Boehringer Mannheim), and 100 µCi (10 µl) α-32P-
UTP 3000 Ci/mmol (Amersham-Buchler)]. Depending on
the question to be solved (see below), themixture contained
either 0.06% (low) or 0.6% (high) Sarkosyl (Serva) (Ref. 7),
adjusted by adding 10 µl of a 15× stock solution. The mix-
ture was incubated for 30 min at 30◦C, then 15 µl DNaseI
(Promega; I U/µl) were added and incubation continued
for another 15 min. RNA was isolated in a single step with
an acid guanidinium-thiocyanate−phenol−chloroform ex-
traction [Trizol (BRL)] (based on Ref. 5): the reaction mix-
ture (150 µl) was transferred to a 2 ml Eppendorf vial con-
taining 1.5 ml of Trizol and shaken at 1000 rev/min un-
til a homogenous suspension was obtained (2 min). Then
300 µl CHCI3 were added and the mixture was shaken for
another 5 min. After centrifugation (12,000 × g, 15 min,
4◦C), the clear aqueous upper phase was transferred to a
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FIGURE 1. Two cell lines (NIH3T3) were infected with retroviral particles harboring altemative constructs with an 800 bp S/MAR element in either
position I or II. Runon reactions were performed on isolated nuclei using either low (0. 06%) or high (0.6%) concentrations of Sarkosyl. DNA fragments
were applied to a Slot blot apparatus (Millipore) at a minimum of 100 ng per slot and hybridized with the runon transcripts according to the protocol
described in the text. Pyruvate kinase (PK) was used as an intemal standard. Signals were quantified using a Phosphoimager (Molecular Dynamics). SEAP,
secretory alkaline phosphate (Ref. 1).
fresh Eppendorf vial containing 800 µl of isopropanol, and
mixed for 5min at room temperature. Precipitated RNAwas
collected by centrifugation (12,000 × g, 15 min, 4◦C), the
supernatant withdrawn and the pellet washed twice with
75% ethanol. After gentle drying the pellets were dissolved
in 100 µl water (5 min at 60◦C) and then kept on ice. Incor-
poration of 32P was determined by Cerenkov counting on
an 1 µl aliquot (typically 1−2 × 105 counts/min). RNA was
either used directly for hybridization or stored at −70◦C.
Its integrity was ascertained by applying 105 counts/min
to a sequencing gel revealing a smear up to a 5 kb
marker.
For comparison, RNA was also isolated using a conven-
tional method (Ref. 6), using proteinase K digestion, phenol
extraction and chromatographic steps (see Fig. 2).
Hybridization
Plasmid fragments were either separated electrophoretically
on an agarose gel and blotted to GeneScreen plus (Dupont)
or directly applied to this membrane using a Slot blot ap-
paratus (Mllipore). The blot was prehybridized for 2 h at
60◦C in 1% SDS, 10% dextran sulfate, 1.4 M NaCl, 325
µg/ml each of herring sperm DNA and yeast tRNA and
preincubated for 10 min with 500 U RNAsin (Promega)
plus 40 mM dithiothreitol. Runon RNA (equivalent to 3
× I06 counts/min) was added and hybridization was per-
formed for 16−42 h. The samples were then washed ex-
tensively to remove excess RNA: 2× SSC (2 × 5 min, RT);
2x SSC, 1% SDS (15 min, 65◦C); 2× SSC (5 min, RT); 2×
SSC, 10 µg/ml RNase A (10 min, 37◦C to degrade non-
hybridized ssRNA); 2x SSC (5 min, RT); 0. Ix SSC (3 × 5min,
RT).
Using variations of this standard protocol, we have per-
formed a series of experiments to find out how the ini-
tiation and progression of RNA polymerase II is affected
by sequences that are thought to attach genes to the nu-
clear scaffold or matrix (S/MARs) (Ref. 1). First, we cloned
a S/MAR sequence into a position next to the promoter (5′-
LTR) of a retroviral transcription unit (Fig. 1, situation I).
Here, the signal strength from infected cells with a single
integrated provirus is seen to be of the same order as that
from the endogenous control, pyruvate kinase (PK). For
the runon reaction, low concentrations (0.06%) of Sarko-
syl are routinely used to prevent re-initiation and allow
the progression of polymerases that have already initiated
transcription. Higher (up to 0.6%) concentrations of Sarko-
syl are used to remove impediments imposed by strong
protein−DNA interactions (Ref. 7). The concentration of
Sarkosyl had no effect in the assays shown (Fig. 1) and
in a number of related tests in which hybridization was
directed to other DNA sequences from the transcription
unit. The combined results indicated that the hypothetic
S/MAR−nuclear scaffold interactions do not impose such
an impediment. Remarkably, in situation II (Fig. 1) where
the S/MAR is at a more distal position within the transcrip-
tion unit, the same element was able to increase secretory
alkaline phosphate (SEAP) expression fivefold or more. This
effect was clearly due to increased transcription initiation
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FIGURE 2. Although faster, the sensitivity and specificity of the present assay is equivalent to that of conventional procedures (Ref. 6). Parallel RNA
preparations were performed from BHK cells harboring a single copy of a luciferase (LUC) vector and from a nontransfected control. Specificity is evident
from the fact that the RNA from the nontransfected cells produces no signal towards the LUC probe while the signal strengths for LUC and PK are
equivalent in the transfected cell line.
rates and, together with other results, it revealed how the
transcriptional properties of proviruses can be improved us-
ing this class of cis-acting elements (Ref. 1). The results ob-
tained using our simplified method are similar to those ob-
tained from the conventional, lengthy procedure for RNA
preparation (Fig. 2).
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Products Used
ATP: ATP from Boehringer Mannheim
GTP: GTP from Boehringer Mannheim
CTP: CTP from Boehringer Mannheim
DNAseI: DNAseI from Promega Corporation
TRIzol: TRIzol from Life Technologies (Gibco BRL)
TRIzol: TRIzol from Life Technologies (Gibco BRL)
RNAsin: RNAsin from Promega Corporation
RNasin: RNasin from Boehringer Mannheim
PhosphoImager: PhosphoImager from Molecular
Dynamics Inc
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